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(54) Recording and reproducing digital video data. 



@ A digital video tape recorder (3), which oper- 
ates to receive an advanced television (ATV) 
signal to be recorded, provides a portion such 
as a low- band coefficient of an intra-coded 
frame of the ATV signal as variable-speed data, 
and records the digital video data and the vari- 
able-speed data in a main area (A1) and a 
marginal area (A2), respectively, of successive 
tracks on a record medium in which the margi- 
nal area is located on each track at a position 
which is reproducible in a fast-speed reproduc- 
ing mode. The digital video tape recorder repro- 
duces the recorded data in the fast-speed 
reproducing mode by reproducing the portion 
of the signal stored from the marginal area of 
each track which is located at specific repro- 
ducible areas. 
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This invention refates to recording and reproduc- 
ing digital video data. 

Existing analog video recorders record analog 
video signals on a magnetic medium generally in non- 
compressed form since their bandwidths are quite s 
narrow. In addition to recording and reproducing vid- 
eo signals, current analog video recorders are oper- 
able to reproduce the stored video signals in a high- 
speed search mode, whereat the magnetic tape me- 
dium is transported at a greater speed than the speed 1 o 
at which the tape is transported during normal repro- 
duction. Since positions on each recording track on 
the magnetic tape medium correspond to positions in 
a video image, partial scannings of a multiple number 
of tracks produce sufficient information to produce a 1 s 
recognizable, albeit poor image. 

Digital video recorders, such as digital VTRs, 
have been developed for recording a video signal in 
digitized form on a magnetic medium. However, since 
the bandwidth of a digital video signal is quite wide, it 20 
is difficult to record a digital video signal directly on 
a video tape. Hence, techniques have been proposed 
for encoding the digital video signal in a manner which 
reduces its bandwidth. So-called compression en- 
coding techniques include the orthogonal transforma- 25 
tion and variable length encoding of the digital video 
signal; and one highly efficient encoding technique 
utilizes discrete cosine transformation, or DCT. Com- 
pression encoding is further described in U.S. Patent 
Nos. 5,321,440 and 5,346,310, and U.S. Patent Appli- 30 
cation Serial No. 07/967,015, the disclosure of which 
are incorporated herein by reference. 

Digital VTRs which utilize compression encoding 
techniques to reduce the bandwidth of television sig- 
nals, e.g., NTSC signals or HDTV signals, prior to re- 35 
cording also decompress or decode reproduced sig- 
nals so as to return the compressed television signals 
to their original non-compressed form. One efficient 
compression technique is to combine the above- 
mentioned DCT with motion compensation, which 40 
utilizes both intraf rame coding and interframe coding 
of the video signal. However, and in contrast to high- 
speed reproduction of analog signals by an analog 
video recorder, digital VTRs may not simply scan the 
tracks on a magnetic tape while transporting it at a 45 
greater speed to produce high-speed reproduced im- 
ages since DCT and interframe decompression tech- 
niques require a substantial part, if not all of the data 
on each track to be reproduced in order to produce 
stable video images. For example, positions of dis- 50 
crete cosine transformed digital video data do not co- 
incide with positions in a video image, and thus, scan- 
ning a different portion of a multiple number of tracks 
will not produce data pertaining to respectively differ- 
ent portions of an image. In addition, an image, or 55 
portion of an image, may not be produced from the re- 
production of a track (or a portion of that track) in 
which interframe coded data is stored since such data 



has meaning only with respect to previously stored in- 
traframe or interframe coded data, and since only a 
portion of each track is reproduced, only a portion of 
an image, at best, may be produced. 

In accordance with one aspect of the invention, 
an apparatus and a method are provided for recording 
digital video data on a record medium, which operates 
to receive digital video data (e.g. an advanced televi- 
sion (ATV) signal), provide a portion of the digital vid- 
eo data as variable-speed data (e.g. a low band coef- 
ficient of intra-coded frame data of the digital video 
data), and record the digital video data and the vari- 
able-speed data in a main and marginal area, respec- 
tively, of successive tracks on the record medium on 
which the marginal area is located on each track at a 
position which is reproducible in a fast-speed repro- 
ducing mode. 

The marginal area may include trick-play areas 
for storing the variable-speed data therein and which 
are located on each track at positions which may be 
helically scanned during reproducing in the fast- 
speed reproducing mode such that at least one trick- 
play area of each track is reproduced. 

The same portion of the variable-speed data may 
be recorded in respective trick-play areas of the mar- 
ginal area on each of M tracks (e.g. which have the 
same azimuth) such that substantially every portion 
of the variable-speed data is reproduced after one 
helical scan of the tracks when reproducing in the 
fast-speed reproducing mode. 

In accordance with another aspect of the inven- 
tion, an apparatus and a method are provided for re- 
producing digital video data from successive tracks 
on a record medium which operates to transport the 
record medium in a standard reproducing mode and 
in a fast speed reproducing mode, reproduce digital 
video data (e.g. an advanced television (ATV) signal) 
and variable-speed data (e.g. a low band coefficient 
of intra-coded frame data of the digital video data) 
from main and marginal areas, respectively, of each 
track in the standard reproducing mode, and repro- 
duce the variable-speed data from the marginal area 
of each track in the fast-speed reproducing mode, 
and supply the digital video data as an output in the 
standard reproducing mode, and supply the variable- 
speed data as the output in the fast-speed reproduc- 
ing mode. 

Substantially every portion of the variable-speed 
data may be reproduced by scanning in one scan 
pass the tracks (e.g. having the same azimuth) in the 
fast-speed reproducing mode. 

Substantially every portion of the variable-speed 
data may be reproduced in two helical scan passes of 
the tracks in a variable-speed mode in which the tape 
is being transported at a speed 0.5+L, where L equals 
1 to (M-1)/2 and M is the maximum tape reproducing 
speed. 

Substantially every portion of the variable-speed 
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data may be reproduced in one scan pass of the 
tracks at a reverse tape speed M-2, where M equals 
the maximum tape reproducing speed. 

Preferred embodiments of the invention descri- 
bed hereinbelow provide an apparatus (digital video 5 
tape recorder) and method for recording and repro- 
ducing high priority digital video data of an advanced 
television (ATV) signal in areas of a track which are 
reproduced in high-speed reproducing modes. 

The preferred embodiments seeks to provide: 10 
an apparatus and method for recording and re- 
producing digital video data which overcomes or at 
least alleviates the shortcomings of the above descri- 
bed devices; 

an apparatus and method for recording and re- 15 
producing digital video data which provides high- 
quality images in a high-speed reproducing mode; 

an apparatus and method which reproduces 
high-quality images in a high-speed reproducing 
mode in which the magnetic tape medium may be 20 
transported at several different speeds; 

an apparatus and method for recording and re- 
producing an advanced television (ATV) signal which 
reproduces high-quality images at variable tape 
speeds; and 2 5 

an apparatus for recording digital data on a 
magnetic tape medium which is reproducible at high 
tape speed from a reproducing apparatus having dif- 
ferent recording/reproducing head configurations. 

The invention will now be further described, by 30 
way of illustrative and non-limiting example, with ref- 
erence to the accompanying drawings, in which like 
reference numerals denote like elements and parts 
throughout, and in which: 

Fig. 1 is a block diagram of an advanced televi- 35 

sion (ATV) transmission system; 

Fig. 2 is a schematic diagram of an example of an 

intra/inter code format of a coded digital video 

signal; 

Fig. 3A and 3B are schematic representations of 40 
the data structure of a packet of an advanced tel- 
evision signal; 

Fig. 4 is a schematic representation of the data 
structure of service type data in the packet illu- 
strated in Fig. 3B; 45 
Figs. 5A and 5B are schematic representations of 
the data structure of AH headers in the packet il- 
lustrated in Fig. 3B; 

Fig. 6 is a block diagram of a recording/reproduc- 
ing system in which the present invention finds so 
ready application; 

Fig. 7 is a block diagram of a recording portion of 
the digital video tape recorder illustrated in Fig. 6; 
Fig. 8 is a block diagram of a reproducing portion 
of the digital video tape recorder illustrated in Fig. 55 
6; 

Fig. 9 is a schematic illustration of the data struc- 
ture of a track on a magnetic tape medium; 



Fig. 10 is a schematic illustration of the data for- 
mat of the video area of a track shown in Fig. 9; 
Fig. 11 is a schematic representation of a sync 
block of an advanced television signal; 
Fig. 12 is a block diagram illustrating the record- 
ing of an advanced television signal in a main 
area and a trick-play area of a track; 
Fig. 13 is a schematic representation of the path 
of a head during a high-speed reproducing oper- 
ation in accordance with an embodiment of the in- 
vention; 

Figs. 14Aand 14B are schematic illustrations of 
the reproduced signal in a high-speed reproduc- 
ing mode; 

Figs. 15Ato 15Fare schematic illustrations of re- 
produced signals at different variable speeds; 
Fig. 16 is a schematic representation of the path 
of a head during a 1 7 times high-speed reproduc- 
ing operation in accordance with an embodiment 
of the invention; 

Fig. 17 is a schematic illustration of the signal re- 
produced by the head whose path is illustrated in 
Fig. 16; 

Figs. 18Aand 18B are schematic diagrams of the 
path of reproducing heads over recorded tracks 
having trick-play areas in accordance with an em- 
bodiment of the invention; 
Fig. 19 is a schematic diagram of the path of a 
head A scanning tracks with an azimuth A in ac- 
cordance with an embodiment of the invention; 
Figs. 20A and 20B are helpful in understanding 
how a head A reproduces the outer and middle 
trick-play areas in two scans in accordance with 
an embodiment of the invention; 
Fig. 21 is a schematic illustration of one type of 
drum arrangement; 

Figs. 22 is a schematic illustration of a second 
type of drum arrangement; 
Figs. 23 is a schematic illustration of a third type 
of drum arrangement; 

Fig. 24 is a schematic diagram of the path of one 
pair of heads scanning recorded tracks having 
trick-play areas in accordance with an embodi- 
ment of the invention; 

Figs. 25 is a schematic diagram of the path of an- 
other pair of heads having a different construc- 
tion when scanning recorded tracks having trick- 
play areas in accordance with an embodiment of 
the invention; 

Fig. 26 is a chart indicating possible forward and 
reverse tape reproducing speeds by digital VTRs 
having different drum arrangements in accor- 
dance with embodiments of the invention; 
Figs. 27A and 27B are schematic illustrations of 
the path of a pair of heads having different con- 
structions over two tracks, and Fig. 27C is a 
schematic illustration of the location of a trick- 
play area in each track; 
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Figs. 28Aand 28B are charts indicating the loca- 
tions of the trick-play areas on each track; 
Fig. 29 is another chart indicating possible for- 
ward and reverse tape reproducing speeds by 
digital VTRs having different drum arrangements a 
in accordance with embodiments of the inven- 
tion; 

Fig. 30 is a block diagram of the reproducing por- 
tion having a buffer memory in accordance with 
an embodiment of the invention; and ic 
Fig. 31 is a schematic illustration of tracks re- 
corded on a magnetic tape medium in which the 
trick-play areas are located in audio sectors of 
each track in accordance with an embodiment of 
the invention. 1S 
As previously discussed, NTSC television signals 
and HDTV (high definition television) signals are 
compressed and recorded onto a magnetic tape by a 
digital video tape recorder. Since NTSC and HDTV 
signals are generally transmitted in uncompressed 20 
form, the digital video tape recorder must compress 
the received signals prior to recording them. Typically, 
NTSC signals are compressed to a data width of ap- 
proximately 25 Mbps (million bits per second) in a 
standard definition (SD) mode and HDTV signals are 25 
compressed to a data width of approximately 50 Mbps 
in a high definition (HD) mode. 

An advanced television (ATV) transmission sys- 
tem is a complete digital compression system which 
transmits a compressed television signal which may 30 
be directly recorded onto a magnetic Lape by a digital 
video tape recorder. Since the digital VTR does not 
have to compress the transmitted signal, compres- 
sion circuitry and software is not needed. The ATV 
transmission system transmits an HDTV signal in the 35 
form of compressed "packets" of information whose 
image compression is based on the MPEG (Moving 
Picture Experts Group) standard for motion images. 

Referring flow to the drawings. Fig. 1 is a block 
diagram of an advanced television (ATV) transmis- 40 
sion system which is comprised of a video compres- 
sion encoder 1 01 , an audio encoder 1 02, a priority en- 
coder 105, a transport encoder 106 and a channel 
modulator 108. An HDTV signal is supplied at a ter- 
minal 103 and is received by video compression en- 45 
coder 101 which performs highly efficient compres- 
sion of the HDTV signal by a method consistent with 
MPEG. Video compression encoder 101 utilizes DCT 
and motion compensation compression on the HDTV 
signal and produces a compressed HDTV signal 50 
which includes intra-coded frames of data (l-frames), 
predictive coded frames of data (P-frames), and bidir- 
ectionally predictive coded frames of data (B-f rames) 
in a predetermined order. 

Fig. 2 is a schematic diagram of one example of 55 
the format of the compressed data produced by video 
compression encoder 101. As shown, an l-frame is 
supplied first, followed by two B-frames, a P-frame, 



another two B-frames, a second P-frame, and then a 
third pair of B-frames. This pattern then repeats, 
starting with another l-frame. In DCT and motion 
compensation compression, each l-frame is pro- 
duced by discrete cosine transforming a frame of vid- 
eo data without utilizing data from any other frame. 
Each P-frame is produced by motion compensating 
(i.e., differentiating) a current frame from the previ- 
ous l-frame or P-frame, and the resulting differential 
signal is discrete cosine transformed (also called in- 
terframe coded data). Each B-frame is produced by 
motion compensating a current frame from the pre- 
ceding and subsequent l-frames or P-frames, and the 
resulting differential signal is discrete cosine trans- 
formed. In the illustrated format shown in Fig. 2., the 
period of appearance of l-frames, or GOP (group of 
picture), is (M=3, N=9). 

Video compression encoder 101 supplies the 
compressed HDTV signal to priority encoder 1 05 (Fig. 
1) which prioritizes the different types of data in the 
compressed HDTV signal. An example of the types of 
data prioritized in l-frames include (from highest to 
lowest priority): 

1 . frame header 

2. slice header 

3. macroblock address, type and quantizing step 

4. DC value 

5. low frequency coefficient 

6. high frequency coefficient 

An example of the types of data prioritized in P- 
f rames and B-frames include (from highest to lowest 
priority): 

1 . frame header 

2. slice header 

3. macroblock address, type and quantizing step 

4. motion vector 

5. DC value 

6. low frequency coefficient 

7. high frequency coefficient 

As indicated, each l-frame includes a frame 
header followed by a slice header, a macroblock ad- 
dress, a type and quantizing step, a DC value, a low 
frequency coefficient and a high frequency coeffi- 
cient Similarly, each P-frame and B-frame includes 
a frame header, a slice header, a macroblock ad- 
dress, a type and quantizing step, a motion vector, a 
DC value, a low frequency coefficient, and a high fre- 
quency coefficient. Priority encoder 105 supplies the 
"prioritized" video data in the above-stated order to 
transport encoder 106 which creates "packets" of 
data from the supplied video data in the manner de- 
scribed below. 

In addition to receiving prioritized video data, 
transport encoder 106 further receives encoded au- 
dio data from audio encoder 102 which encodes an 
audio signal supplied to a terminal 1 04. Transport en- 
coder 106 may also receive other additional informa- 
tion which is supplied to a terminal 107. From the data 
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supplied to transport encoder 106, packets having 
different priorities are created where packets having 
relatively high priority are classified as HP (high pri- 
ority) packets and packets having relatively low pri- 
ority are classified as SP (standard priority) packets. 5 
HP packets of each l-frame include data pertaining to 
the frame header (1) to the low frequency coefficient 
(6), and SP packets of each l-frame include only the 
high frequency coefficient data (7). HP packets of 
each P-frame and B-frame include data pertaining to 10 
the frame header (1) to the motion vector (4), and SP 
packets of each P-frame and B-frame include data 
pertaining to the DC value (5) to the high frequency 
coefficient (7). For typical video images, the ratio of 
HP packets to SP packets is 1 :4. Transport encoder is 
106 supplies each HP packet in a carrier of high out- 
put power and each SP packet in a carrier of low out- 
put power to channel modulator 108 which modulates 
each type of packet using their respective carriers. 
The modulated signal is transmitted at terminal 109. 20 

Figs. 3A and 3B are schematic representations of 
the data structure of HP and SP packets. As shown 
in Fig. 3A, a packet includes SYNC data, followed by 
transmission data and 20 bytes of error correction 
code (ECC) for a total of 148 bytes per packet. The 25 
data structure of the transmission data is shown in 
Fig. 3B, and includes a service type (ST) byte of data, 
four bytes of after-header (AH) data, 120 bytes of 
transport data and FCS data. Fig. 4 illustrates the 
data structure of the service type byte which identi- 30 
f ies the packet as an HP or an SP packet (bit P at pos- 
ition b7), and identifies the packet as a video packet, 
audio packet or other type of packet (ID at positions 
b4 to b6). In addition, counter data CC in the service 
type byte provides a count number of 0 to 15 (at pos- 35 
itions bO to b3) which identifies the packet within the 
series of packets provided. 

Fig. 5A illustrates the data structure of the AH 
header in a HP packet and Fig. 5B illustrates the data 
structure of the AH header in a SP packet As shown 40 
in Fig. 5A, the AH header of each HP packet includes 
a 1 0 bit slice starting point which indicates the starting 
point of the transfer data, the frame type (e.g., l-fra- 
me, P-frame, or B-frame), the frame number, the slice 
number in the frame, and the quantizing (Q) factor of 45 
the data. As shown in Fig. 5B, the AH header of each 
SP packet includes a 10 bit macro block start point 
the frame type, the frame number, the macro block 
number in the frame, and the RSD. 

The above-described ATV system compresses so 
EDTV signals to a data width of approximately 1 7 to 
19 Mbps which is less than the typical bit rate of re- 
cording NTSC signals by a digital VTR in the SD 
mode, which records NTSC signal at approximately 
25 Mbps. Therefore, and as previously mentioned, 55 
ATV transmitted digital video signals may be record- 
ed directly onto a magnetic tape medium by a digital 
VTR operating in SD mode without further compres- 



sion or other form of decoding of the signals. How- 
ever, high-speed reproduction of recorded ATV trans- 
mitted signals may not be easily accomplished for 
reasons similar to those described above with respect 
to the high-speed reproduction of NTSC and HDTV 
signals by a digital VTR. Specifically, since only por- 
tions of each track are reproduced in high-speed re- 
producing modes, partially reproduced P-f rames and 
B-f names cannot be decoded by utilizing only partially 
reproduced I -frames, and further, positions of dis- 
crete cosine transformed data do not coincide with 
positions in a video image, and thus, scanning differ- 
ent portions of each track will not produce enough 
data to consistently renew each portion of the repro- 
duced image. Therefore, it is necessary to further en- 
code the transmitted ATV signal in order to reproduce 
relatively high-quality stable video images in high- 
speed reproducing modes. 

Fig. 6 is a block diagram of a recording/reproduc- 
ing system in which the present invention finds ready 
application. As illustrated, the system is comprised of 
a channel demodulator 1 , a digital VTR 3, a transpor- 
ter priority decoder 6, a video expanding decoder 7 
and an audio decoder 8. The above-described trans- 
mitted ATV signal is supplied to a terminal 2 and re- 
ceived by channel demodulator 1 which demodulates 
the packets of data in the ATV signal. The demodu- 
lated signal is supplied to digital VTR 3 which records 
the ATV signal onto a magnetic tape (further descri- 
bed below), and is also supplied to transporter priority 
decoder 6 which corrects errors and decodes the pri- 
oritized data in the packets to reproduce the com- 
pressed HDTV signal. Transporter priority decoder 6 
supplies the compressed HDTV signal to video ex- 
panding decoder 7 which expands the data by decod- 
ing the coded signal in an inverse fashion (e.g., in- 
verse DCT) as that performed by video compression 
encoder 101. The original HDTV signal produced by 
video expanding decoder 7 is supplied at a video out- 
put terminal 9. Transporter priority decoder 6 also 
supplies an encoded audio signal to audio decoder 8 
which decodes the signal in an inverse fashion as that 
performed by audio encoder 102. The decoded audio 
signal is supplied at an audio output terminal 10. 
Other additional information provided in the demodu- 
lated signal is supplied by transporter priority decoder 
6 at a terminal 11. 

Digital VTR 3, in accordance with an embodiment 
of the invention, includes an interface/format (l/F) 
converter and a recorder/reproducer 5. The demodu- 
lated signal supplied by channel demodulator 1 is re- 
ceived by l/F converter 4 which formats the signal 
consistent with the present invention and supplies the 
formatted signal to recorder/reproducer 5 which re- 
cords the formatted signal on a magnetic tape so that 
relatively high-quality images may be produced when 
the magnetic tape is reproduced in high-speed (also 
called variable-speed) reproducing modes. In addi- 
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tion, recorder/reproducer 5 is operable to record stan- 
dard NTSC video signals in SD mode and standard 
HDTV signals in HD mode. When recording the for- 
matted signal (i.e., the ATV signal) supplied by l/F 
converter 4, recorder/reproducer 5 is in SD mode. 5 

The process of recording an NTSC signal, an 
HDTV signal, and an ATV signal in digital VTR 3 is de- 
scribed with reference to Fig. 7. The recording circuit 
portion of digital VTR 3 includes an analog to digital 
(A/D) converter 22, a DCT compressing circuit 23, a 10 
switching circuit24, a framing circuit 25, a channel en- 
coder 26, a recording amplifier 27, and a rotating 
head 28. When an NTSC or HDTV signal is to be re- 
corded on a magnetic tape (not shown), the NTSC or 
HDTV signal is supplied via an input terminal 21 to 15 
A/D converter 22 which converts the television signal 
to digital form. A/D converter 22 supplies the digital 
signal to DCT compressing circuit 23 which blocks, 
shuffles and discrete cosine transforms the digital 
signal into predetermined buffering units. The buffer- 20 
ing units are then quantized, variable length encoded 
and framed before being supplied out as a digital vid- 
eo signal to switching circuit 24. Discrete cosine 
transforming, quantizing and variable length encod- 
ing of digital data are well known in the art and a de- 25 
tailed description thereof is therefore not provided 
herein. 

Switching circuit 24 switches between its inputs 
24A and 24B, and supplies signals supplied to input 
24A to framing circuit 25 when ATV signals are to be 30 
recorded on the magnetic tape, and supplies signals 
supplied to input 24B to framing circuit 25 when sig- 
nals supplied to input terminal 21 are to be recorded 
on the magnetic tape. Switching circuit 24 supplies 
the digital signal received from DCT compressing cir- 35 
cuit 23 to framing circuit 25 which generates (frames) 
sync blocks of recordable video data having error cor- 
rection data and supplies the recordable video data to 
channel encoder 26 which modulates the video data 
before being amplified by recording amplifier 27 and 40 
recorded on the magnetic tape by head 28. 

When an ATV signal is to be recorded on the mag- 
netic tape, an ATV signal is supplied from channel de- 
modulator 1 (Fig. 6) to l/F converter 4 which rearrang- 
es the ATV signal in a format which places the above- 45 
described HP packets of l-f rames in the ATV signal at 
locations which are to be recorded on each track 
which are reproduced when the recorded data is re- 
produced in a digital VTR operating in a high-speed 
reproducing mode. Specifically, "trick-play" areas are so 
identified as those areas on each track which may be 
reproduced at predetermined tape moving speeds in 
high-speed search modes and the l-frame HP pack- 
ets are recorded in those identified "trick-play" areas 
of each track. Formatting the ATV signal by l/F con- 55 
verter 4 is further described below. 

l/F converter supplies the formatted ATV signal to 
terminal 24A of switching circuit 24 which supplies the 
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signal to framing circuit 25. The formatted ATV signal 
is framed by framing circuit 25, modulated by channel 
encoder 26, amplified by recording amplifier 27, and 
recorded on a magnetic tape by head 28. 

The process of reproducing an NTSC signal, an 
HDTV signal, and an ATV signal from a magnetic tape 
by digital VTR 3 is described with reference to Fig. 8 
The reproducing circuit portion of digital VTR 3 in- 
cludes rotating head 28, a reproducer amplifier 51, a 
channel decoder 52, a time base corrector (TBC) 53, 
a deframing circuit 54, a switching circuit 55, and a 
DCT expanding circuit 56. Head 28 reproduces a vid- 
eo signal from the magnetic tape and supplies the re- 
produced signal to channel decoder 52 through repro- 
ducer amplifier 51 . Channel decoder 52 demodulates 
the reproduced signal in an inverse fashion as that 
performed by channel encoder 26 and supplies the 
demodulated signal to time base corrector 53 which 
removes time base fluctuation components from the 
reproduced signal. Time base corrector 53 supplies 
the time base corrected signal to deframing circuit 54 
which def rames the signal in an inverse manner as 
that performed by framing circuit 25. 

Deframing circuit 54 supplies the reproduced sig- 
nal to switching circuit 55. Switching circuit 55 sup- 
plies the reproduced signal to a terminal 55A when 
the signal is a component video signal (e.g., an NTSC 
television signal or an HDTV signal) and supplies the 
signal to a terminal 55B when the signal is an ATV sig- 
nal. When the reproduced signal is a component vid- 
eo signal, switching circuit 55 supplies the signal to 
DCT expanding circuit 56 which expands the com- 
pressed reproduced video signal to its original band 
width by performing inverse variable length encoding 
and inverse discrete cosine transforming of the video 
signal. The expanded video signal is supplied out at 
output terminal 57. 

When the reproduced signal is an ATV signal, 
switching circuit 55 supplies the ATV signal at terminal 
55A to an ATV decoding circuit which decodes the sig- 
nal in accordance with the present invention. The ATV 
decoding circuit includes a header decoder 58, a 
packet selecting circuit 59, a controller 61, an input 
circuit 62, and a servo circuit 63. Header decoder 58 
decodes the header of the reproduced ATV signal to 
determine if the signal is an l-frame (see Fig. 5A), and 
supplies the decoded header with the ATV signal to 
packet selecting circuit 59 which selects in response 
to a control signal supplied from controller 6 1 only the 
l-frames for output at terminal 60 when the digital 
VTR 3 is reproducing the stored digital signal in a 
high-speed reproducing mode and which supplies the 
entire reproduced ATV signal for output at terminal 60 
in a normal reproducing mode. In either mode, the sig- 
nal supplied to terminal 60 is supplied to video ex- 
panding decoder 7 via transporter priority decoder 6 
(Fig. 6) which decodes the video signal as previously 
described. In a high-speed reproducing mode, all of 
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the data in the I -frames are reproduced and selected 
for output in packet selecting circuit 59, which results 
in relatively high-quality high-speed reproduced im- 
ages. 

Input circuit 62, which may be controlled by an op- 
erator or a system controller (not shown), supplies a 
mode select signal to controller 61 which identifies 
whether the stored video signal is being reproduced 
in a normal reproducing mode or a high-speed repro- 
ducing mode. In response to the mode select signal, 
controller 61 controls packet selecting circuit 59 by 
means of a control signal to either select only T-f ra- 
mes for output or the entire reproduced ATV signal for 
output. In addition, controller 61 controls servo circuit 
63 in response to the mode select signal which con- 
trols the phase of travel of the magnetic tape utilizing 
an ATF signal or other type of tracking signal to main- 
tain the proper positional relationship between the re- 
producing heads and the tracks. 

Fig. 9 illustrates the data structure of a track re- 
corded on a magnetic tape by a digital VTR embody- 
ing the invention. As shown, a track is comprised of 
an audio area SEC1. a video area SEC2 and a sub- 
code area SEC3. Fig. 10 illustrates the data structure 
of the video area SEC2 which includes 135 data sync 
blocks for storing video data therein, 3 video auxiliary 
(VAUX) sync blocks for storing other information and 
11 outer parity sync blocks for storing parity data for 
a total of 149 sync blocks in each video area SEC2 of 
a track. Each data sync block includes a 5 byte sync 
and ID area, followed by a 77 byte video data area and 
an 8 byte inner parity area for storing error correction 
code. 

The video area SEC2 of a track has the above de- 
scribed data structure when a track is recorded in the 
SD mode, wherein the drum rotation speed is approx- 
imately 150 Hz and one video frame is recorded on 
ten tracks by two heads which have different azi- 
muths. Fig. 11 illustrates the data structure of a video 
sync block. As shown, ATV data is stored in 75 of the 
77 byte video data area of each video sync block . 
Therefore, the rate of recording ATV data on a track 
by a digital VTR is: 
75bytes x 135 sb x 10tracks x 30 frames 8 bits 

sb track frame second X byte 
= 24Mbps 
sb = sync block. 

However, since the data rate of an ATV signal is 
approximately 17 to 19 Mbps and the rate of recording 
a video signal is approximately 24Mbps, unused 
space identified as "marginal areas" are produced on 
each track when an ATV signal is recorded in the SD 
mode. Therefore, in accordance with embodiments of 
the invention, data from l-framesof the ATV signal are 
recorded again in the marginal areas of each track 
where the marginal areas are located at those posi- 
tions of each track which are reproduced in high- 
speed reproducing modes resulting in the reproduc- 



tion of relatively high-quality images. In one embodi- 
ment of the present invention, the low-band coeffi- 
cient data of each l-frame is stored in the marginal 
areas since most of the important data pertaining to 
5 a frame is contained in the low-band coefficient data. 

Fig. 12 is a block diagram illustrating the process 
of recording an ATV signal on a track in an embodi- 
ment of invention. As shown, each video area of a 
track on a magnetic tape 31 is divided into a main area 
10 A1 and a "trick-play" area A2 in which the trick-play 
area A2 corresponds to the marginal area referred to 
above and is located in areas of a track which are re- 
produced when the digital VTR is operating in a high- 
speed reproducing mode. When recording an ATV 
is signal, the ATV signal is entirely stored in the main 
area A1 of each track, and the ATV signal is also sup- 
plied to a VLD decoding circuit 34 which decodes the 
ATV signal in order to determine if an l-frame of data 
is being supplied. VLD decoding circuit 34 supplies 
20 the ATV signal to a counter 35 which maintains a 
count of that data received from VLD decoding circuit 
34 which is to be recorded in the trick-play area of the 
track. Counter 35 supplies the ATV signal and the 
maintained count to a data separating circuit 36 which 
25 extracts the low-band coefficient data of each l-fra- 
me block of data (the HP packet data) to be stored in 
the trick-play areas in response to the determination 
of whether the data pertains to an l-frame as deter- 
mined by VLD decoding circuit 34. Since only the low- 
30 band coefficient of each l-frame is recorded, "End of 
Block" data is added to the extracted data by EOB 
adding circuit 37 before the data is stored in the trick- 
play areas of each track. In this instance, when the 
trick-play areas A2 of each track are reproduced in a 
35 high-speed reproducing mode, signals recorded in 
the trick-play areas may be easily decoded by video 
expanding decoder 7. Thus, adding EOB data to the 
extracted data (i.e., the low-band component of each 
l-frame) prior to recording in the trick-play areas en- 
40 sures that data reproduced in high-speed reproducing 
modes has the same format as data reproduced in 
normal or standard-speed reproducing modes. 

The process of determining the locations of the 
trick-play areas in each track is now described with 
45 reference to Figs. 13-17. Fig. 13 is a schematic rep- 
resentation of the path of a reproducing head during 
a high-speed reproducing operation in apparatus em- 
bodying the invention. As shown, head A scans the 
tracks while the magnetic tape is transported at a 
so substantially faster than normal speed. Since tracks 
are generally helically recorded by two heads which 
have different azimuths, head A reproduces scanned 
portions of alternating tracks. That is, head A repro- 
duces those areas shown in Fig. 1 3 which are partially 
55 shaded, and as shown, the reproduced areas are lo- 
cated only on "A" tracks. Fig. 14A illustrates that the 
signal reproduced from each A track is in the form of 
a burst, where the greatest part of the signal occurs 
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when the head is at the center of each track as shown 
in Fig. 14B. Then, ATF tracking to control the tape 
moving speed in a high-speed reproducing mode may 
easily be accomplished by locking the phase of the re- 
produced signal with the movement of the tape. 

Figs. 15A, 15C and 15E illustrate waveforms of 
signals reproduced at 4 times normal speed, 9 times 
normal speed and 17 times normal speed, respec- 
tively, and Figs. 15B, 15D and 15F illustrate those 
areas of each track which are reproduced at 4 times 
normal speed, 9 times normal speed and 17 times 
normal speed, respectively. As shown in Figs. 15Aan 
15B, a head reproduces a first (i.e., beginning) por- 
tion of a first track which corresponds to the left most 
area EN1 (first EN1 area), and does not reproduce a 
second portion of a second track which corresponds 
to the area of a track which is located to the right of 
the first EN1 area (i.e., the area between the two EN1 
areas). Then, the head reproduces a third portion of 
a third track which corresponds to the other EN1 area 
(second EN1 area), and does not reproduce a fourth 
portion (i.e., a final portion) of a fourth track which 
corresponds to the area of a track which is located to 
the right of the second EN1 area. It is to be noted that 
the horizontal location in Fig. 15B represents the 
length-wise location of each track. 

Figs. 15C and 15D illustrate the track areas EN2 
which are reproduced when the digital VTR is operat- 
ing in a 9 times high-speed reproducing mode. As 
shown, nine tracks are scanned by a reproducing 
head, but only tracks 1, 3, 5, 7 and 9 are reproduced 
whose reproduced areas EN2 are shown in Fig. 15D. 

Figs. 15E and 15F illustrate the track areas EN3 
which are reproduced when the digital VTR is operat- 
ing in a 17 times high-speed reproducing mode. As 
shown, 17 tracks are scanned by the reproducing 
head, but only every other track (i.e., tracks 1, 3, 5 ... 
15, and 17) are reproduced whose reproduced areas 
EN3 are shown in Fig. 15F. 

In this embodiment of the invention, when the 
above-described trick-play areas are situated in the 
areas EN1, EN2 and EN3 of each track, reproduction 
at 4 times normal speed, 9 times normal speed and 
17 times normal speed is possible. In addition, since 
reproduction in high-speed mode may begin at any 
tape position, any one of the reproducible areas (e.g., 
any EN3 area) of a track may be reproduced, and 
therefore, to ensure reproduction in high-speed 
mode, trick-play areas are situated in every area EN3 
of each track when reproduction is desired in a 17 
times high-speed reproducing mode. 

When the trick-play areas are located at areas of 
a track which are reproduced at, for example, 4 times, 
9 times, and 17 times normal speed, successful re- 
production of the trick-play areas may also be accom- 
plished at reverse speeds of 2 times, 7 times, and 15 
times normal reverse speed. Reverse reproduction is 
possible at (M-2) times reverse speed reverse when 



high-speed reproduction is possible at M times nor- 
mal speed because the path of the head over the tape 
during reverse tape movement is symmetrical to the 
path of the head during forward tape movement. How- 
s ever, because each track is obliquely formed on the 
tape, two less tracks are scanned during reverse re- 
production than are scanned during forward repro- 
duction at the same, but reverse, tape speed. 

Each reproduced area during high-speed repro- 
w duction corresponds to 32 sync blocks, however, 38 
sync blocks may be allocated as trick-play areas. 
Therefore, the low-band component of each l-frame 
may easily be recorded in the trick-play areas of each 
track. When the rate of recording by a digital VTR is 
15 24.948 Mbps, and the rate of data of an ATV signal is 
1 9.2Mbps, then 104 sync blocks of each track are util- 
ized as the main data area for recording the ATV sig- 
nal as shown by the equation: 135 sync blocks/track 
x 19.2Mbps/24.948Mbps = 104 sync blocks, and 
20 therefore, 31 sync blocks (135 - 104 = 31) are avail- 
able to be used as the trick-play areas. 

Fig. 16 illustrates the path of a head A during a 
17 times high-speed reproducing operation in accor- 
dance with another embodiment of the present inven- 
25 tion. As shown, head Ascans a different portion of 17 
tracks in one scan pass and reproduces data stored 
in the trick-play areas TP of the A tracks. Fig. 17 
shows the waveform of the signal reproduced by head 
A. As previously described, high priority data (e.g., 
30 low-band coefficient data of each l-frame), also 
called trick-play data, is stored in the trick-play areas 
TP where the maximum speed of reproduction M is an 
odd integer multiple of a standard speed of reproduc- 
tion such that, M=2N+1. For example, when themax- 
35 imum speed of reproduction is 1 7 times the normal re- 
producing speed, M=17 and N=8. Areas which are re- 
produced at the maximum speed of reproduction are 
designated as the trick-play areas. 

In accordance with this embodiment, the same 
40 high priority data is stored in the trick-play areas of 
each of M successive tracks having the same azi- 
muth where each trick-play area on a track contains 
a different portion of the trick-play data. For example, 
when the maximum speed of reproduction is 5 times 
45 the normal reproducing speed (M=5), the same trick- 
play data is recorded of the five tracks T1 to T5 shown 
in Figs. 18A and 18B. In addition, the same data is 
stored in each of the beginning trick-play areas (1) of 
tracks T1 to T5, the same data is stored in each of the 
so middle trick-play areas (2) of tracks T1 to T5, and the 
same data Is stored in each of the end trick-play areas 
(3) of tracks T1 to T5. Then, when the same trick-play 
data is recorded in M (e.g., 5) successive tracks hav- 
ing the same azimuth, trick-play data is fully repre- 
ss duced at reproducing speeds of 1 .5 times, 2.5 times, 
3.5 times to N+.5 times the normal reproducing 
speed, in addition to the maximum reproducing speed 
M. Therefore, a digital VTR operating in the variable- 
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speed reproducing mode is operable to reproduce the 
trick-play data at speeds of 1.5 times. 2.5 times, 3.5 
times ... up to N+.5 times the normal reproducing 
speed, as well as the maximum reproducing speed. 

When the present digital VTR is in the variable- 5 
speed reproducing mode operating at one of the 
speeds 1.5 times, 2.5 times ... N+.5 times the normal 
reproducing speed, all of the trick-play data stored on 
a track is reproduced in two scans by the same repro- 
ducing head A. as shown in Fig. 19. In Fig. 19, the 10 
maximum reproducing speed is set to 7 times normal 
speed but reproduction is performed at 3.5 times nor- 
mal speed. In this case, the shaded trick-play areas 
located at the beginning and end of an A track are re- 
produced in one scan pass by head A and the shaded 1 5 
trick-play area located in the middle of an A track is 
reproduced in the second scan pass by head A. Figs. 
20A and 20B illustrate the portions or a track which 
are reproduced in the first and second scan passes, 
respectively. ' 2Q 

Therefore, by recording the same trick-play data 
on M tracks having the same azimuth, where M is odd 
and N=<lvM)/2. the trick-play data stored on those 
tracks having the same azimuth is entirely repro- 
duced in two scan passes by the same head when re- 25 
production is performed at speeds of 1.5 times, 2.5 
times, 3.5 times ... up to N+.5 times the normal repro- 
ducing speed, and the trick-play data is entirely repro- 
duced in one scan pass by the same head at the max- 
imum reproducing speed M. 30 

Reproduction of trick-play areas by digital VTRs 
having different types of drum arrangements will now 
be described with reference to Figs. 21 to 29. Figs. 21 , 
22 and 23 are schematic illustrations of three types 
of drum arrangements in which Fig. 21 illustrates a 35 
pair of heads HA1 andHBI having azimuths A and B, 
respectively, which are disposed 180° apartfrom one 
another, and which rotate at 9000 rpm (revolutions per 
minute). Fig. 22 illustrates a pair of adjacent heads 
HA2 and HB2 having azimuths A and B, respectively, 40 
(also known as double-azimuth arrangement) and 
which rotate at 9000 rpm. Fig. 23 illustrates a pair of 
adjacent heads HA3 and HB3 having azimuths A and 
B, respectively, and a second pair of adjacent heads 
HA4 and HB4 having azimuths A and B, respectively 45 
disposed 180° apart and which rotate at 4500 rpm. ' 

Figs. 24 and 25 illustrate an example of tracks re- 
corded by embodiments of the invention in which the 
maximum reproducing speed is 5 times normal 
speed, 5 successive A tracks T11, T12 t T13, T14 and so 
T15 have identical trick-play data stored therein, and 
5 successive B tracks T21, T22, T23, T24 and T25 
have identical trick-play data stored therein. Repro- 
duction by two heads HA and HB disposed 180° apart 
(see Fig. 21 ) reproduce trick-play areas 1-3 and trick- 55 
play areas 4-6, respectively, as shown in Fig. 24. On 
the other hand, reproduction by two adjacent heads 
HA and HB (see Fig. 22) reproduce trick-play areas 



1-3 and trick-play areas 4-6, respectively, as shown 
in Fig. 25. 

Fig. 26 provides a summary of the forward and 
reverse tape reproducing speeds by digital VTRs hav- 
ing the drum arrangements shown in Figs. 21 to 23. 
As indicated, a digital VTR whose drum has two 
heads disposed 180° apart and which rotates at 9000 
rpm (Fig. 21 ) or two adjacent heads and which rotates 
at 9000 rpm (Fig. 22) can reproduce at speeds of 1 5 
2.5 ... N+.5 and 2N+1 (M) times the normal reproduc- 
ing speed and reverse speeds of -1.5, -2.5, ... -(N+.5) 
and -(2N-1) times the normal reproducing speed. A 
digital VTR which has a drum which has two pairs of 
adjacent heads and which rotates at 4500 rpm (Fig. 
23) can reproduce at speeds of 1.5, 2.5 ... N+.5 times 
the normal reproducing speed and reverse speeds of 
-1.5, -2.5, ... -(N+.5) times the normal reproducing 
speed. Since the scanning angle of a head is doubled 
at the same speed in the head construction shown in 
Fig. 23, the maximum tape speed of this arrangement 
is one half of the maximum tape speed of the other 
head constructions. 

Consideration of the gap distance between 
heads will now be discussed with reference to Figs. 
27A to 27C and Figs. 28Aand 28B. Figs. 27Aand 27B 
illustrate the path of one of the two heads disposed 
180° apart and the path of one of the two adjacent 
heads, respectively. As shown in Fig. 27A, head A re- 
produces track portion RA1 , head B reproduces track 
portion RB1, and margin areas are located at both 
ends of the reproduced area of each track. However, 
when heads are adjacent to one another, the path of 
head B is different from the path of a head B in the 
first arrangement which results in the displacement of 
reproduced area RB2 and which corresponds to the 
inter-gap distance D1, as shown in Fig. 27B. 

Fig. 27C illustrates the location of a trick-play 
area on a track which is reproduced by either of the 
above-described drum structures when reproducing 
in high or variable-speed reproducing modes. As 
shown, a trick-play area TPB is located at the portion 
of a track which is common to area RB 1 (Fig. 27A) and 
area RB2 (Fig. 27B), and a trick-play area TPA is lo- 
cated in a corresponding portion of track A. There- 
fore, the trick-play areas are entirely reproduced by 
heads opposed 180° apart and by heads adjacent to 
one another. 

Figs. 28Aand 28B illustrate an example of the lo- 
cations of trick-play areas on even and odd tracks, re- 
spectively, in which the maximum reproducing speed 
is 1 7 times normal speed, the inter-gap distance of a 
double-azimuth head arrangement (i.e., adjacent 
heads) is five sync blocks, and the size of each trick- 
play area is 4 sync blocks. As indicated in Fig. 28A, 
each even numbered track has 6 trick-play areas 0 to 
5 located at sync block nos. 27-30, 50-53, 73-76, 97- 
99, 120-123, and 143-146, respectively. As indicated 
in Fig. 28B ( each odd numbered track has 6 trick-play 



9 



O650296A2.l_> 



17 



EP 0 650 296 A2 



18 



areas 0 to 5 located at sync block nos. 22-25, 45-48, 
68-71, 92-94, 115-118. and 138-141, respectively. 

Fig. 29 provides a summary of the forward and 
reverse tape reproducing speeds when the maximum 
reproducing speed is 17 times the standard reproduc- 
ing speed. As shown, a drum configuration of two 
heads disposed 1 80° apart and which rotates at 9000 
rpm or a drum configuration of a pair of double-azi- 
muth (adjacent) heads and which rotates at 9000 rpm 
can reproduce the trick-play data at speeds of 1.5, 
2.5 ... 8.5 and 1 7 times the normal reproducing speed 
and reverse speeds of -1.5, -2.5, ... -8.5, and -17 
times the normal reproducing speed. A drum config- 
uration of two pairs of double-azimuth heads and 
which rotates at 4500 rpm can reproduce the trick- 
play data at speeds of 1.5, 2.5 ... and 8.5 times the 
normal reproducing speed and reverse speeds of - 
1.5, -2.5, ... and -8.5 times the normal reproducing 
speed. It is to be noted that the inter-gap distance lim- 
itation at the maximum speed is 5 sync blocks, but not 
at other speeds. 

When the trick-play areas on each track occupy 
32 sync blocks and the same trick-play data (HP 
packet data) is recorded on 17 tracks, the rate of re- 
cording the same HP packet data on 17 tracks is 339 
kbps (kilobytes per second), as derived from the fol- 
lowing equation: 
32^ y 75bytes x 8bjts x 10 tracks 30 frames 
track sb bytes frame second X 

^ = 339 kbps 

sb = sync block 

The average rate of l-frame data which is sup- 
plied to the digital VTR embodying the invention is 
calculated from the GOP arrangement of the data 
(see Fig. 2) and the data rate of the video data sup- 
plied to the digital VTR. When GOP = (N=9, M=3) (i.e., 
1 l-frame, 2 P-frames and 6 B-frames are supplied), 
the average amount of data of I, P and B-frames is; 
l/P = 2, and P/B - 2.5 (l/B = 5), and the rate of the entire 
video data is 17.4 Mbps, then the average rate of I- 
frame data is: 

17.4 Mbpsx 

amount of data in I - frame _ 174 

total amount of data in I, P and B frames " 
Mbps x 5 / (5 x 1 + 2.5x2 + 1 x 6) = 5.4 Mbps. 
It is to be noted that the data rate is dependent not 
only the rate of the entire bit stream, the GOP ar- 
rangement, and the average amount of data of each 
frame, but is also dependent upon other factors, such 
as the nature of the input image, etc. 

As indicated by the rate of recording HP packet 
data on each of 17 tracks which is approximately 339 
kbps and the average data rate of each l-frame which 
is approximately 5.4 Mbps, it is not possible to store 
the entire l-frame in the trick-play areas of each track. 
Therefore, only the low-band coefficients of each I- 
frame is stored in the trick-play areas of each track, 



as previously discussed. 

Fig. 30 illustrates a preferred embodiment of the 
present invention in which a buffer memory 41 is in- 
cluded in the reproducing circuit for buffering the re- 
3 produced data before it supplied to decoder 7 (Fig. 6). 
As previously described, reproduced signals in vari- 
able and high-speed reproducing modes are in the 
form of burst signals which are supplied to decoder 7, 
and although the low-band coefficients of an l-frame 
10 are recorded in the trick-play areas of each track, 
there is no guarantee that the time of displaying the 
reproduced image (1/30 second) will match the time 
at which the l-frame is reproduced and supplied to de- 
coder 7. In this instance, only a portion of an image 
15 may be renewed (i.e., updated) in a variable or high- 
speed reproducing mode. Therefore, data is buffered 
in buffer memory 51 when it is reproduced, and it is 
supplied to the decoder only after a sufficient amount 
of data is buffered in buffer memory 41 which corre- 
20 spends to an complete single image (i.e., frame). In 
addition, the buffer memory may also be utilized dur- 
ing recording of trick-play data in the trick-play areas 
of each track. 

As shown, buffer memory 41 is supplied with all 
25 of the data to be recorded in the trick-play areas of 
each track, and supplies the buffered data to the re- 
cording circuits in response to a detection signal from 
a header detecting circuit 42 which detects each 
header of the data to be recorded. During reproduc- 
30 tion, buffer memory 41 is supplied with all of the data 
reproduced from the trick-play areas of each track 
and supplies the data out to decoder 7 in response to 
a control signal from header detecting circuit 43 
which detects the header of each l-frame in the repre- 
ss duced data. 

Fig. 31 illustrates another embodiment of the 
present invention in which all of the trick-play areas 
are located in the audio sectors SEC1 of each track. 
As previously described, each track includes an audio 
40 area (sector) SEC1, a video area SEC2 and a sub- 
code area SEC3 (Fig. 9). In this embodiment, all of the 
video and audio data are recorded in the video area 
or each track and alt of the trick-play data is recorded 
in the audio area of each track. Similar to the above 
45 described embodiments, the maximum reproducing 
speed M = (2N + 1) times the standard reproducing 
speed and the same trick-play data is stored on M 
tracks. Then, upon reproduction in variable or high- 
speed modes, the audio sector SEC1 can be repro- 
so duced at M times the standard speed, and also at 
speeds of 1 .5, 2.5 ... N+.5 times the standard speed. 
Therefore, trick-play areas do not have to be located 
in the video area of each track. 

While the present invention has been particularly 
55 shown and described in conjunction with preferred 
embodiments thereof, it will be readily appreciated by 
those of ordinary skill in the art that various changes 
and modifications may be made without departing 
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from the scope of the invention. For example, al- 
though data structures of different parts of the video 
data have been described, the present invention is 
not limited to these structures and may utilize other 
data structures consistent with the present invention. 5 

As another example, although reproducing 
speeds of 17, 9, 5 and 4 times the standard reproduc- 
ing speed have been described, the present invention 
is not limited solely to these reproducing speeds and 
may be widely applied to recording data for reproduc- 10 
tion at essentially any desired reproducing speed or 
speeds. 

Therefore, it is intended that the appended claims 
be interpreted as including the embodiments descri- 
bed herein, the alternatives mentioned above, and all 15 
equivalents thereto. 



Claims 



20 



1. Apparatus for recording digital video data on a re- 
cord medium, comprising: 

means for receiving digital video data; 

means for providing a portion of said digi- 
tal video data as variable-speed data; and 25 

recording means for recording said digital 
video data and said variable-speed data in a main 
and a marginal area, respectively, of successive 
tracks on said record medium, said marginal area 
being located on each of said tracks at a position 30 
corresponding to an area of a track which is re- 
producible in a fast-speed reproducing mode, 
said record medium being transportable in said 
fast-speed reproducing mode at a predetermined 
fast speed greater than a standard speed. 35 

2. The apparatus of claim 1, wherein said fast speed 
is an integer multiple M times faster than said 
standard speed, and said recording means is op- 
erable to record the same variable-speed data in 40 
said marginal area of M tracks on said record me- 
dium. 

3. The apparatus of claim 1, wherein said digital vid- 
eo data includes intra-coded frame data, predic- 45 
tive coded frame data, and bidirectionally predic- 
tive coded frame data, and said means for provid- 
ing is operable to provide said intra-coded frame 
data of said digital video data as said variable- 
speed data. 50 

4. The apparatus of claim 3, wherein said intra-cod- 
ed frame data includes low-band coefficient data 
and high-band coefficient data, and said means 

for providing is operable to provide said low-band 55 
coefficient data of said intra-coded frame data as 
said variable-speed data. 



5. The apparatus of claim 1, wherein said marginal 
area of each of said tracks includes a plurality of 
trick-play areas each for storing a portion of said 
variable-speed data. 

6. The apparatus of claim 5, wherein said trick-play 
areas are located on each of said tracks at posi- 
tions corresponding to all areas of a track which 
may be scanned during reproduction in said fast- 
speed reproducing mode such that at least one of 
said trick-play areas of each track is reproduced 
in said fast-speed reproducing mode. 

7. The apparatus of claim 6, wherein said fast speed 
is an integer multiple M times faster than said 
standard speed, and said recording means is op- 
erable to record the same portion of said variable- 
speed data in respective trick- play areas on each 
of M tracks such that substantially every portion 
of said variable-speed data is reproduced after 
one scan of said tracks during reproduction in 
said fast-speed reproducing mode. 

8. The apparatus of claim 7, wherein said integer 
multiple M is an odd number, and substantially 
every portion of said variable-speed data is re- 
produced after two scans of said tracks in a va- 
riable-speed reproducing mode, said record me- 
dium in said variable-speed reproducing mode 
being transported at variable speeds equal to 
L+0.5 times faster than said standard speed, L 
being an integer value from 1 to N and N=(M-1)/2. 

9. The apparatus of claim 8, wherein said recording 
means includes first and second heads for re- 
cording alternating tracks having first and sec- 
ond azimuths, respectively, such that substan- 
tially all of said variable-speed data recorded in 
each track having said first azimuth is repro- 
duced in two scans of said tracks by said first 
head in said variable-speed reproducing mode. 

10. The apparatus of claim 5, wherein said recording 
means includes two recording heads having a 
gap distance therebetween and being operable 
to record said trick-play areas at positions on 
each of said tracks in accordance with said gap 
distance of said two recording heads. 

11. The apparatus of claim 5, wherein said recording 
means is operable to record said trick- play areas 
at positions on each of said tracks such that at 
least one of said trick-play areas of each track is 
reproducible in said fast-speed reproducing 
mode by a pair of reproducing heads opposed 
180° apart from one another and by adjacently 
positioned reproducing heads. 
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12. The apparatus of claim 1, wherein each track in- 
cludes a video area, an audio area and a subcode 
area, said marginal area of each track being lo- 
cated primarily in said audio area. 

5 

13. The apparatus of claim 1, wherein said digital vid- 
eo data is an advanced television (ATV) type sig- 
nal. 

14. Apparatus for reproducing digital video data from 10 
successive tracks on a record medium, each 
track on said record medium having a main area 

in which digital video data is stored and a margin- 
al area in which a portion of said digital video data 
is stored as variable-speed data, said apparatus is 
being operable in a standard reproducing mode 
and a fast-speed reproducing mode, said appara- 
tus comprising: 

transporting means for transporting said 
record medium at a standard speed in said stan- 20 
dard reproducing mode and at a fast speed in said 
fast-speed reproducing mode; 

reproducing means for reproducing said 
digital video data and said variable-speed data 
from said main and marginal areas, respectively, 25 
of each track on said record medium in said stan- 
dard reproducing mode, and for reproducing said 
variable-speed data from said marginal area of 
each track in said fast-speed reproducing mode; 
and 30 

supply means for supplying said repro- 
duced digital video data as an output in said stan- 
dard reproducing mode, and for supplying said re- 
produced variable-speed data as said output in 
said fast-speed reproducing mode. 35 

15. The apparatus of claim 14, wherein said digital 
video data includes intra-coded frame data, pre- 
dictive coded frame data, and bidirectionally pre- 
dictive coded frame data, and said intra-coded 40 
frame data of said digital video data is stored in 
said marginal area of each track as said variable- 
speed data. 



16. The apparatus of claim 14, wherein said marginal 
area of each of said tracks includes a plurality of 
trick-play areas and a portion of said variable- 
speed data is stored in each of said trick-play 
areas. 

17. The apparatus of claim 16, wherein said trick- 
play areas are located on each track at reprodu- 
cible positions in said fast-speed reproducing 
mode, and said reproducing means is operable to 
reproduce data stored in at least one of said trick- 
play areas of each track in said fast-speed repro- 
ducing mode. 
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18. The apparatus of claim 17, wherein said fast 
speed is an integer multiple M times faster than 
said standard speed; wherein the same portion of 
said variable-speed data is stored in respective 
trick-play areas on each of M tracks; and wherein 
said reproducing means scans one track in one 
scan pass in said standard reproducing mode, 
and is operable to reproduce substantially every 
portion of said variable-speed data in one scan 
pass of said tracks in said fast-speed reproducing 
mode. 

19. The apparatus of claim 18, wherein said integer 
multiple M is an odd number; wherein said trans- 
porting means is operable in a variable- speed re- 
producing mode to transport said record medium 
at variable speeds equal to L+0.5 times faster 
than said standard speed, L being an integer val- 
ue from 1 to N, with N=(M-1)/2; and wherein said 
reproducing means is operable to reproduce sub- 
stantially every portion of said variable-speed 
data in two scan passes of said tracks in said va- 
riable-speed reproducing mode. 

20. The apparatus of claim 19, wherein said succes- 
sive tracks have alternating first and second azn 
muths, and said reproducing means includes first 
and second heads for scanning tracks having 
said first and second azimuths, respectively, and 
is operable to reproduce substantially all of said 
variable-speed data stored in each track having 
said first azimuth in two scans of said tracks by 
said first head in said variable-speed reproducing 
mode. 

21. The apparatus of claim 18, wherein said trans- 
porting means is operable to transport said re- 
cord medium in reverse at a reverse speed equal 
to M-2 times faster than said standard speed in a 
reverse fast-speed mode, and said reproducing 
means is operable to reproduce substantially ev- 
ery portion of said variable-speed data in one 
scan pass of said tracks in said reverse fast- 
speed mode. 

22. The apparatus of claim 14, wherein said digital 
video data is an advanced television (ATV) type 
signal. 

23. The apparatus of claim 1 4, further comprising ac- 
cumulating means for accumulating said vari- 
able-speed data reproduced by said reproducing 
means, and wherein said supply means is oper- 
able to supply said variable-speed data accumu- 
lated only when a predetermined amount of data 
is accumulated in said accumulating means. 

24. Method of recording digital video data on a record 
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medium, comprising: 

receiving digital video data; 

providing a portion of said digital video 
data as variable-speed data; and 

recording said digital video data and said 5 
variable-speed data in a main and a marginal 
area, respectively, of successive tracks on said 
record medium, said marginal area being located 
on each of said tracks at a position corresponding 
to an area of a track which is reproducible in a 10 
fast-speed reproducing mode, said record me- 
dium being transportable in said fast-speed re- 
producing mode at a predetermined fast speed 
greater than a standard speed. 

15 

25. The method of claim 24, wherein said fast speed 
is an integer multiple M times faster than said 
standard speed, and said step of recording is car- 
ried out by recording the same variable-speed 
data in said marginal area of M tracks on said re- 20 
cord medium. 

26. The method of claim 24. wherein said digital vid- 
eo data includes intra-coded frame data, predic- 
tive coded frame data, and bidirectionally predic- 25 
tive coded frame data, and said step of providing 

is carried out by providing said intra-coded frame 
data of said digital video data as said variable- 
speed data. 

30 

27. The method of claim 26, wherein said intra-coded 
frame data includes low- band coefficient data 
and high-band coefficient data, and said step of 
providing is carried out by providing said low- 
band coefficient data of said intra-coded frame 35 
data as said variable-speed data. 

28. The method of claim 24, wherein said marginal 
area of each of said tracks includes a plurality of 
trick-play areas each for storing a portion of said 40 
variable-speed data. 

29. The method of claim 28, wherein said trick-play 
areas are located on each of said tracks at posi- 
tions corresponding to all areas of a track which 45 
may be scanned during reproduction in said fast- 
speed reproducing made such that at least one of 

said trick-play areas of each track is reproduced 
in said fast-speed reproducing mode. 

50 

30. The method of claim 29, wherein said fast speed 
is an integer multiple M times faster than said 
standard speed, and said step of recording is car- 
ried out by recording the same portion of said va- 
riable-speed data in respective trick-play areas 55 
on each of M tracks such that substantially every 
portion of said variable-speed data is reproduced 
after one scan of said tracks during reproduction 

13 



in said fast-speed reproducing mode. 

31. The method of claim 30, wherein said integer mul- 
tiple M is an odd number, and substantially every 
portion of said variable-speed data is reproduced 
after two scans of said tracks in a variable-speed 
reproducing mode, said record medium in said 
variable-speed reproducing mode being trans- 
ported at variable speeds equal to L+0.5 times 
faster than said standard speed, L being an inte- 
ger value from 1 to N and N=(M-1)/2. 

32. The method of claim 31 , wherein said step of re- 
cording includes recording alternating tracks 
having first and second azimuths by first and sec- 
ond heads, respectively, such that substantially 
all of said variable-speed data recorded in each 
track having said first azimuth is reproduced in 
two scans of said tracks by said first head in said 
variable-speed reproducing mode. 

33. The method of claim 28, wherein said step of re- 
cording is carried out by recording said trick-play 
areas at positions on each of said tracks in accor- 
dance with a gap distance of two recording 
heads. 

34. The method of claim 28, wherein said step of re- 
cording is carried out by recording said trick-play 
areas at positions on each of said tracks such 
that at least one of said trick-play areas of each 
track is reproducible in said fast-speed reproduc- 
ing mode by a pair of reproducing heads opposed 
180° apart from one another and by adjacently 
positioned reproducing heads. 

35. The method of claim 24, wherein each track in- 
cludes a video area, an audio area and a subcode 
area, said marginal area of each track being lo- 
cated primarily in said audio area. 

36. The method of claim 24, wherein said digital vid- 
eo data is an advanced television (ATV) type sig- 
nal. 

37. Method of reproducing digital video data from 
successive tracks on a record medium, each 
track on said record medium having a main area 
in which digital video data is stored and a margin- 
al area in which a portion of said digital video data 
is stored as variable-speed data, said method 
comprising the steps of: 

transporting said record medium at a stan- 
dard speed in a standard reproducing mode and 
at a fast speed in a fast-speed reproducing mode; 

reproducing said digitaJ video data and 
said variable-speed data from said main and mar- 
ginal areas, respectively, of each track on said re- 
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38 



39. 



cord medium in said standard reproducing mode, 
and reproducing said variable-speed data from 
said marginal area of each track in said fast- 
speed reproducing mode; and 

supplying said reproduced digital video 
data as an output in said standard reproducing 
mode, and supplying said reproduced variable- 
speed data as said output in said fast-speed re- 
producing mode. 

The method of claim 37, wherein said digital vid- 
eo data includes intra-coded frame data, predic- 
tive coded frame data, and bidirectionally predic- 
tive coded frame data, and said intra-coded 
frame data of said digital video data is stored in 
said marginal area of each track as said variable- 
speed data. 

The method of claim 37, wherein said marginal 
area of each of said tracks includes a plurality of 
trick-play areas and a portion of said variable 
speed data is stored in each of said trick-play 
areas. 

The method of claim 39, wherein said trick-play 
areas are located on each track at reproducible 
positions in said fast-speed reproducing mode, 
and said step of reproducing is carried out by re- 
producing data stored in at least one of said trick- 
play areas of each track in said fast-speed repro- 
ducing mode. 



41. The method of claim 40, wherein said fast speed 
is an integer multiple M times faster than said 
standard speed; wherein the same portion of said 
variable-speed data is stored in respective trick- 
play areas on each of M tracks; and wherein said 
step of reproducing is carried out by scanning one 
track in one scan pass in said standard reproduc- 
ing mode, and by reproducing substantially every 
portion of said variable-speed data in one scan 
pass of said tracks in said fast-speed reproducing 
mode. 



40. 
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muths, and said step of reproducing includes 
scanning tracks having said first and second azi- 
muths by first and second heads, respectively, 
and reproducing substantially all of said variable- 
speed data stored in each track having said first 
azimuth in two scans of said tracks by said first 
head in said variable-speed reproducing mode. 

44. The method of claim 41, wherein said step of 
transporting includes transporting said record 
medium in reverse at a reverse speed equal to M- 
2 times faster than said standard speed in a re- 
verse fast-speed mode, and said step of repro- 
ducing is carried out by reproducing substantially 
every portion of said variable-speed data in one 
scan pass of said tracks in said reverse fast- 
speed mode. 

45. The method of claim 37, wherein said digital vid- 
eo data is an advanced television (ATV) type sig- 
nal. 

46. The method of claim 37, further comprising the 
step of accumulating said variable-speed data re- 
produced, and wherein said step of supplying is 
carried out by supplying said variable-speed data 
accumulated only when a predetermined amount 
of data is accumulated. 



42. The method of claim 41 , wherein said integer mul- 45 
tiple M is an odd number; wherein said step of 
transporting is operable in a variable-speed re- 
producing mode to transport said record medium 

at variable speeds equal to L+0.5 times faster 
than said standard speed, L being an integer val- 50 
ue from 1 to N, with N=(M-t)/2, and wherein said 
step of reproducing is carried out by reproducing 
substantially every portion of said variable-speed 
data in two scan passes of said tracks in said va- 
riable-speed reproducing mode. 55 

43. The method of claim 42, wherein said successive 
tracks have alternating first and second azi- 
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I A digital video tape recorder (3), which oper- 
ates to receive an advanced television (ATV) 
signal to be recorded, provides a portion such 
as a low-band coefficient of an intra-coded 
frame of the ATV signal as variable-speed data, 
and records the digital video data and the vari- 
able-speed data in a main area (A1) and a 
marginal area (A2), respectively, of successive 
tracks on a record medium in which the margi- 
nal area is located on each track at a position 
which is reproducible in a fast-speed reproduc- 
ing mode. The digital video tape recorder repro- 
duces the recorded data in the fast-speed 
reproducing mode by reproducing the portion 
of the signal stored from the marginal area of 
each track which is located at specific repro- 
ducible areas. 
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